METHOD FOR PRODUCING A LIGHT-EMITTING 
SEMICONDUCTOR COMPONENT 



This patent application claims the priority of German 
patent applications 10307280.2 and 10255934.1, the 
disclosure content of which is hereby incorporated by 
reference . 

FIELD OF THE INVENTION 

The invention relates to a method for producing a 
light-emitting semiconductor component having a thin- 
film layer sequence, in which a photon-emitting active 
zone is formed. 

BACKGROUND OF THE INVENTION 

In the method of the invention, a thin-film layer 
sequence having a photon-emitting active zone is grown 
on a growth substrate. A reflection contact layer is 
formed in such a way that it has contact with the thin- 
film layer sequence. A diffusion barrier layer is 
applied on the reflection contact layer, a solder 
contact layer being applied in turn to said diffusion 
barrier layer. 

A method of this type is disclosed for example in 
WO 02/13281, the disclosure content of which is, in 
this respect, hereby incorporated by reference. In the 
method disclosed therein, a metallic reflector layer 
made of Au:Zn is applied to the thin-film layer 
sequence, to which reflector layer are applied a 
diffusion barrier layer made of TiW : N and a solder 
contact layer made of Au. 

The entire layer sequence applied on" the growth 
substrate during the method is usually cleaned with an 
etching cleaning agent. Overall, a thin-film component 
is produced by the wafer composite comprising growth 
substrate and applied layer sequence being applied to a 
carrier substrate in such a way that the layer sequence 
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faces the carrier substrate. Afterwards, the growth 
substrate is at least partly removed. 

The Au:Zn reflection contact layer is typically 
subjected to heat treatment after application, in order 
to form an ohmic contact. Only afterwards is the TiW : N 
layer sputtered on as the diffusion barrier layer. 

In the just-described method there is the risk of 
wrinkling in the TiW :N layer after the cleaning or 
after the soldering of the wafer composite onto the 
carrier substrate because of a delamination at the 
TiW : N - Au:Zn interface. 

SUMMARY OF THE INVENTION 

One object of the invention is to provide a production 
method of the type described above which avoids 
wrinkling in the diffusion barrier layer to the 
greatest possible extent and increases the reliability 
of the thin-film light-emitting diodes thus produced. 

This and other objects are attained in accordance with 
one aspect of the present invention directed to a 
method for producing a light-emitting semiconductor 
component having a thin-film layer sequence, in which a 
photon-emitting active zone is formed. The thin-film 
layer sequence is formed on a growth substrate. A 
reflection contact layer is formed which is in contact 
with the thin-film layer sequence. A diffusion barrier 
layer is applied to the reflection contact layer, and 
a solder contact layer is applied to the diffusion 
barrier layer, the reflection contact layer, after it 
has been formed and before the application of the 
diffusion barrier layer, is subjected to heat treatment 
for the purpose of producing an ohmic contact, and the 
surface of the reflection contact layer is cleaned with 
a first etching solution after the heat treatment. 
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Another aspect of the present invention is directed to 
a method for producing a light-emitting semiconductor 
component having a thin-film layer sequence, in which a 
photon-emitting active zone (17) is formed. The thin- 
film layer sequence isformed on a growth substrate, and 
a reflection contact layer is formed having contact 
with the thin-film layer sequence. A diffusion barrier 
layer is applied to the reflection contact layer, and a 
solder contact layer is applied to the diffusion 
barrier layer. After the application of the solder 
contact layer to the diffusion barrier layer, the 
reflection contact layer is subjected to heat treatment 
for the purpose of producing an ohmic contact. 

Without being bound to a specific explanation, it is 
currently assumed that during the heat treatment of an 
Au:Zn reflective contact, as a result of segregation of 
Zn to the surface, a comparatively thick ZnO layer is 
produced on the surface of the AurZn contact. In this 
case, Auger electron spectra suggest a practically 
stoichiometric ZnO layer with a thickness of the order 
of magnitude of 10 nm. 

It is further assumed that the applied diffusion 
barrier layer is at least partly permeable to an acidic 
cleaning agent, thus giving rise to the risk that 
during the cleaning step before the soldering onto the 
carrier substrate according to the conventional 
process, the ZnO layer will dissolve in the acidic 
medium and at least locally reduce the adhesion of the 
TiW : N diffusion barrier. 

The cleaning step performed according to the invention 
after the heat treatment of the reflection contact 
layer counteracts the cause of the problem discussed. 
The first etching solution used for cleaning already 
etches away the ZnO layer on the reflection contact 
layer at least to a large extent before the application 
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of the diffusion barrier layer. As a result, it is 
possible to produce an improved conductive contact 
between the thin-film layer sequence and the diffusion 
barrier layer and to effectively reduce a risk of 
wrinkling and possible delamination . 

Preferably an acidic or basic solution, particularly 
preferably an aqueous HC1, H 2 S0 4 or NH 3 solution, is 
used as the first etching solution. 

The reflection contact layer is expediently cleaned 
with the first etching solution for 10 seconds to 
10 minutes, preferably for 3 to 8 minutes, particularly 
preferably for about 5 minutes. 

According to a preferred refinement of the method, the 
reflection contact layer is subjected to heat treatment 
at 400°C to 600°C, preferably at about 450°C. In this 
case, the reflection contact layer may be subjected to 
heat treatment for about 1 to 20 min, preferably for 
about 13 min. 

According to a further aspect of the invention, in a 
method of the type mentioned in the introduction, it is 
provided that only after the application of the solder 
contact layer to the diffusion barrier layer is the 
reflection contact layer subjected to heat treatment 
for the purpose of producing an ohmic contact. 

If, after the deposition of the reflection contact 
layer, firstly the diffusion barrier layer is applied, 
then the solder contact layer is applied, and only 
afterwards is the ohmic contact formed by heat 
treatment, the lack of oxygen at the interface means 
that there is no segregation of Zn to the 
Au: Zn/dif fusion barrier layer interface and formation 
of ZnO. Wrinkling in the diffusion barrier layer is 
thus avoided to the greatest possible extent, as in the 
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first aspect of the invention, as a result of which 
improved contact formation can be achieved. 

In both of the methods described above, it is 
preferably the case that before the reflection contact 
layer is formed, an insulation layer is applied to the 
thin-film layer sequence. Moreover, at least one hole 
for through-plating purposes is produced in the 
insulation layer and the reflection contact layer is 
subsequently formed on the insulation layer. 

The insulation layer advantageously has at least one of 
the substances SiN x , SiO x , SiO x N y and A1 2 0 3 . In this 
case, it is also expediently provided, for example, 
that the insulation layer essentially comprises one of 
said substances. 

A layer which has or essentially comprises Au:Zn is 
advantageously applied as the reflection contact layer. 

The diffusion barrier layer is preferably formed by a 
layer which has or essentially comprises TiW : N . 

A layer or a layer stack which has or essentially 
comprises Ti, Pt and/or Au is expediently applied as 
the solder contact layer. 

In a preferred refinement of the methods according to 
the invention, the applied layer sequence, comprising 
layers applied on the growth substrate, is at least 
partly cleaned with a second etching solution. 

An aqueous HC1 solution is particularly advantageously 
used as the second etching solution. 

The layer sequence comprising at least the thin-film 
layer sequence and layers applied thereon is 
subsequently particularly preferably applied on a 
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carrier substrate by the side on which the solder 
contact layer is applied. The growth substrate is at 
least partly removed before or after the application of 
the layer sequence on the carrier substrate, in order 
to form a thin-film semiconductor component. 

The application of the layer sequence or of the wafer 
composite comprising the layer sequence and the growth 
substrate to the carrier substrate is preferably done 
by soldering or adhesive bonding. 

In one development of the invention, at least one 
cavity is formed in the thin-film layer sequence from 
the carrier substrate, through which cavity a plurality 
of mesas are formed at the boundary between carrier 
substrate and thin-film layer sequence. 

In this case, the at least one cavity is advantageously 
formed with a depth such that it cuts through the 
active zone of the thin-film layer sequence. 

The thin-film layer sequence is preferably formed on 

the basis of Ini_ x _ y Al x Ga y P or on the basis of 

Ini_ x - y Al x Ga y P and Al a Ga b As, where 0<x<l, 0<y<l, 0<a<l, 
0<b<l and x+y<l, a+b<l . 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is explained in more detail below using 
exemplary embodiments in connection with the drawings. 

Figure 1 shows a cross section through a thin-film 
light-emitting diode produced by a method 
according to the invention, in a diagrammatic 
illustration; 

Figure 2 shows a diagrammatic detail view of the 
light-emitting diode in the region of the 
boundary between the carrier substrate 12 and 
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itsthin-film layer sequence 14 shown in 
Figure 1; 

Figure 3 shows a flow diagram for carrying out one 
exemplary embodiment of a method according to 
the invention; and 

Figure 4 shows a flow diagram for carrying out another 
exemplary embodiment of a method according to 
the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The light-emitting diode 10 in accordance with the 
exemplary embodiment of Figure 1 has a carrier 
substrate 12 , on which a thin-film layer sequence 14 is 
provided. In the exemplary embodiment, the thin-film 
layer sequence 14 comprises an n-InGaAlP layer 18 , 
which is highly doped with Te to a concentration of 
5 x 10 18 cm' 3 and has a layer thickness of about 4 jam, 
and an Mg-doped p-GaP layer 16 having a thickness of 
about 3.5 \xm. The pn junction forms an active photon- 
emitting zone 17 in the thin-film layer sequence 14. 

In order to increase the coupling-out of light, a 
plurality of cavities 20 are introduced into the thin- 
film layer sequence 14 from the carrier substrate 12, 
through which cavities a plurality of mesas 22 are 
formed at the boundary between carrier substrate 12 and 
thin-film layer sequence 14. In this case, the cavities 
2 0 are formed with a depth such that they cut through 
the active zone 17 of the thin-film layer sequence 14. 

An SiN x insulation layer 24, having a thickness of 
about 200 nm in the exemplary embodiment, is applied to 
the p-GaP layer 16 in the region both of the cavities 
20 and of the mesas 22. For p-side feeding of current 
to the active zone 17, the insulation layer 24 is 
perforated by a plurality of holes 28 for through- 
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plating purposes along the rear-side area of attachment 
to the carrier substrate 12. 

A partial layer sequence 26 is applied to the 
insulation layer 24, the precise composition of which 
sequence can best be discerned in the detail view of 
Figure 2. In the exemplary embodiment shown, the 
partial layer sequence 26 comprises an Au:Zn layer 
having a thickness of about 600 nm as reflection 
contact layer 40, a TiW : N layer having a thickness of 
about 200 nm as diffusion barrier layer 42, and also a 
solder contact layer 44, which is composed of a Ti 
layer 50 having a thickness of about 100 nm, a Pt layer 
52 having a thickness of about 100 nm and an Au layer 
54 having a thickness of about 1000 nm. The solder 
contact layer 44 may be patterned after application. 

In order to achieve a sufficient mechanical stability, 
the thin-film layer sequence 14 is soldered onto the 
conductive carrier substrate 12, which is formed by an 
n-GaAs substrate in the exemplary embodiment. Top side 
and underside of the carrier substrate 12 are provided 
with AuGe contact layers 34 and 36, respectively. On 
that side of the carrier substrate 12 which faces the 
thin-film layer sequence 14, a TiPtAu/AuSn layer 38 is 
applied on the AuGe contact layer 36. 

The front or coupling-out side of the light-emitting 
diode 10 is provided with a central contact 30 and a 
metal frame 32, which is connected to the central 
contact 30 via two conductive webs (not illustrated) . 
In the exemplary embodiment, the central contact 30 and 
the metal frame 32 are formed from a Ti/Pt/Au layer and 
a TiAuGe layer arranged between the latter and the 
thin-film layer sequence 14. 
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A method for producing the light-emitting diode 10 of 
Figures 1 and 2 will now be described in connection 
with the flow diagram of Figure 3. 

In this case, in a step 60, the InAlGaP thin-film layer 
sequence, in the exemplary embodiment of Figure 1 a 
thin-film layer sequence comprising Te-doped n-InGaAlP 
18 and Mg-doped p-GaP 16, is grown onto the growth 
substrate. In step 62, the SiN x insulation layer 24 is 
then applied to the thin-film layer sequence. 

In step 64, the Au:Zn reflection contact layer 40 is 
deposited. In step 66, the Au:Zn layer is then 
subjected to heat treatment at 450 °C for about 13 min 
in order to form an ohmic p-type contact. In this case, 
as explained further above, as a result of segregation 
of Zn to the surface of the Au:Zn layer, an almost 
stoichiometric ZnO layer having a thickness of about 
10 nm forms at the surface of the reflection contact 
layer 40. 

In the cleaning step 68, said ZnO layer is etched away 
in aqueous HC1 solution (ratio of HC1 : H 2 0 = 1 : 10) 
with a time of action of 5 minutes. Afterwards, in step 
70, the TiW :N diffusion barrier 42 is sputtered onto 
the cleaned Au:Zn layer by backsputtering . 

Afterwards, in step 72, the Ti/Pt/Au layer stack 44 is 
applied and patterned. In step 74, the applied layers 
are cleaned with HC1 before the wafer composite 
comprising growth substrate and applied layers is 
soldered onto the carrier substrate 12 in step 76. 

The production method then proceeds in a manner that is 
known to the person skilled in the art. By way of 
example, after the removal of the growth substrate, an 
electrical contact connection 30, 32 is applied to the 
front side of the thin-film layer sequence 14. If a 
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plurality of light-emitting diodes 10 are produced 
simultaneously in the manner that is customary, then 
the individual diode chips of the wafer are separated 
in a known manner. 

A thin-film semiconductor component which can be 
produced in particular by a method according to the 
invention is distinguished in particular by the 
following characteristic features: 

a reflective layer is applied or formed at a first 
main area - facing a carrier element - of a 
radiation-generating epitaxial layer sequence, 
said reflective layer reflecting at least part of 
the electromagnetic radiation generated in the 
epitaxial layer sequence back into the latter; 
the epitaxial layer sequence has a thickness in 
the region of 20 jjm or less, in particular in the 
region of 10 jam; and 

the epitaxial layer sequence contains at least one 
semiconductor layer having at least one area which 
has an intermixing structure which ideally leads 
to an approximately ergodic distribution of the 
light in the epitaxial layer sequence, i.e. it has 
an as far as possible ergodically stochastic 
scattering behaviour. 

A basic principle of a thin-film light-emitting diode 
chip is described for example in I. Schnitzer et al., 
Appl. Phys. Lett. 63 (16), 18 October 1993, 2174 - 
2176, the disclosure content of which is in this 
respect hereby incorporated by reference. 

However, a component produced by a method according to 
the invention need not necessarily be a thin-film 
semiconductor component having all the above features, 
although this is particularly advantageously provided. 
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An alternative method for producing a light-emitting 
diode as shown in Figures 1 and 2 is described in 
connection with the flow diagram of Figure 4. 

The first steps of this method are identical to those 
of the method described above. In particular, the 
InAlGaP thin-film layer sequence 14 is grown onto the 
growth substrate in step 80, the SiN x insulation layer 
24 is applied to the thin-film layer sequence in step 
82, and the Au:Zn reflection contact layer 40 is 
deposited on the insulation layer in step 84. 

In contrast to the first method, however, the heat 
treatment of the Au:Zn layer is shifted in the process 
chain. The cleaning step provided after the heat 
treatment step in the case of the above method is also 
obviated as a result. Rather, after the deposition of 
the Au:Zn layer 40, firstly the TiW : N diffusion barrier 
42 is sputtered on in step 8 6 and the Ti/Pt/Au layer 
stack 44 is applied and patterned in step 88. Only then 
is the ohmic p-type contact formed by heat treatment at 
450°C for about 13 min in step 90. The shifting of the 
heat treatment step in the process chain likewise 
avoids the segregation of Zn to the surface of the 
Au:Zn layer. 

The further production method then follows the first 
method: in step 92, the applied layers are cleaned 
using HC1, and, in step 94, the wafer composite 
comprising growth substrate and applied layers is 
soldered onto the carrier substrate 12. 

While the invention has been outlined and explained 
with reference to the production of thin-film light- 
emitting diodes, it will be unseparated to anyone with 
ordinary skill in the art that the above-described 
procedure can also be used in a different context, for 
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example in the production of conventional light- 
emitting diode chips. 

It is also readily apparent that the features of the 
invention which are disclosed in the description, in 
the drawings and also in the claims may be essential to 
the realization of the invention both individually and 
in every possible combination, even if this combination 
is not explicitly specified. 



